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N a m e  （ O S M A N  O M R A N  O S M A N  M O S A）  
Title 
EXPERIMENTAL AND NUMERICAL STUDIES ON FLUID MECHANICS OF MICRO-VIBRATING FLOW PUMPS 
( マイクロ振動流ポンプの流動現象に関する理論並びに実験的研究 ) 
Abstract of Thesis  
Microfluidics is the discipline of medicine, chemistry and engineering in which fluid is controlled and handled 
in micro-scale against the huge pressure loss. In this thesis, we report the flow dynamics of a novel micropump, 
so-called micro-vibrating flow pump (micro-VFP) fabricated by Micro Electro Mechanical Systems (MEMS) 
technologies. This thesis consists of five chapters. Chapters 1 and 5 are general introduction and conclusions, 
respectively. The main body is divided into three chapters as follows. 
In Chapter 2, we report the fabrication process and the experimental study of the micro-VFP. The micro-VFP 
is constructed using an actively vibrating cantilever fixed on a wall of a microchannel and a slit orifice 
downstream. Due to the existence of the slit orifice the cantilever vibrates only in asymmetric way. The 
cantilever is fabricated from a polymeric elastic material implemented with magnetic particles, thus by 
applying a magnetic field outside the micro-VFP using a permanent magnet, the cantilever is actuated. Such 
a kind of actuation enabled us to externally operate the micro-VFP without the need of any electrical or 
mechanical connections. A prototype of the micro-VFP is fabricated using MEMS technology, in order to 
investigate and characterize the pumping performance experimentally. The cantilever motion is recorded using 
a high-speed camera in order to study its vibrational characteristics. The micro-VFP is operated at various 
actuation frequencies in the range of 5 to 25 Hz. The pumping performance is characterized by measuring the 
hydrostatic head and the flow rate. It is found that the pumping performance is enhanced with increasing the 
driving frequency. The maximum obtainable shut-off pressure and the volume flow rate at the driving frequency 
of 25 Hz are 3.8±0.4 Pa and 0.38±0.02 µl/min, respectively. Furthermore, micro-resolution particle image 
velocimetry (micro-PIV) technique is used for investigating the flow characteristics around the vibrating 
cantilever, in order to clarify the detailed pumping process. This section revealed the basic performance 
of the developed micro-VFP. 
In Chapter 3, the fundamentals of micro-PIV technique used to investigate the flow field around the vibrating 
cantilever are discussed. These fundamentals include the characteristics of the seeded particles, illumination 
system, and image processing techniques. Moreover, we introduce a novel measurement method used to estimate 
the generated pumping head by the micro-VFP. Tracking a reference brightness pattern using the normalized 
cross correlation function is the main principle of the developed measurement technique. Two vertical tubes 
are connected to the flow inlet and the outlet for the head change measurement of the micro-VFP. A CCD camera 
is used to record sequential images of the brightness-change’s location in the tubes. A developed in-house 
software is used to analyze the images captured by the CCD camera in real time. When, we operate the micro-VFP, 
position of the gas-liquid interface in both tubes is varied corresponding to the head change. The normalized 
cross correlation function is used to track the position of the gas-liquid interface in the tubes based on 
the reference template of the brightness distribution. Two in-house program codes based on cross-correlation 
algorithms are developed to analyze the recorded sequential images for both the flow field and head measurement 
tubes. 
In Chapter 4, we explore the pumping mechanism of the micro-VFP by the use of a numerical simulation for the 
so-called fluid-structure interaction problem. The immersed boundary method is used for developing a 
two-dimensional computational code, in order to obtain the flow field in the micro-VFP along with the vibration 
of the cantilever. The motion of the cantilever, which is a solid body immersed in the liquid phase, is expressed 
as an external forcing term of the Navier-Stokes equations. 
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論文審査の結果の要旨 
 
MEMS（Micro Electro Mechanical Systems）技術と融合したマイクロ流体工学は、微小生化学検査チップの創製等
に関連し近年注目を集めている。超微小量の溶液流れを駆動・制御する技術は、マイクロ流路の大きな圧損に起因し
て、未だ実用に供する十分な性能に到達していない。本論文では、新奇なマイクロ振動流ポンプ（Micro Vibrating Flow 
Pump、以下、micro-VFPと記す）の考案、MEMS技術の援用による試作、性能試験、計測技術開発、液体駆動原理の解明
を目指し、流体工学における先端学術研究を実施している。本論文は全五章から成り、第一章は緒論、第五章は結論
である。以下、第二章から第四章の具体的研究内容について説明する。第二章は、micro-VFPの製作技術およびポンプ
性能に関する実験的研究について記されている。micro-VFPは磁性粒子を混入させた片持ち梁を、一辺が100µmオーダ
ーのスリットオリフィス付矩形流路内に設置し、外部磁場で非対称振動させることによって、液体を駆動する仕組み
である。micro-VFP内部の流動をmicro-PIV（Micro-resolution Particle Image Velocimetry）で可視化観察し、その
流動機構を明らかにするとともに、片持ち梁の振動数を最大25Hzとし、閉め切り圧3.8±0.4 Pa、流量 0.38±0.02   
μl/minを達成することができた。第三章では、ここで開発したmicro-PIV技術と圧力計測技術について詳細な説明が
有り、特に、コンピュータに取り込んだ高速動画データに対し、粒子や液体界面の追跡技術を駆使することによって、
流速ベクトルや吐出圧力データの定量的評価に成功している。第四章は、micro-VFPの液体駆動原理に関する理論研究
について記されている。最新のNavier-Stokes方程式解析技術に基づくコンピュータプログラムを独自に構築すること
によって、片持ち梁の外部磁場による伸縮動作を考慮した流体―構造連成振動の数値解析が可能となり、液体駆動原
理の解明に資する多くの知見を得ることができた。 
以上の成果は、工学的かつ工業的な独創性および有用性が非常に高く、博士（工学）の学位論文として価値のある
ものと認める。 
 
